Sorghum grain was included in a basal diet of molasses (molasses 505, urea 21, sunflower meal 191, pangola grass hay 250, minerals 31 g\kg as fed) at rates of 0, 202, 391 and 707 g\kg, generating diets in which grain replaced 0 (diet A), 33 (diet B), 66 (diet C) and 100 % (diet D) of the molasses and hay. The four diets were fed to groups of four Hereford steers (293-334 kg liveweight) over a 96-day period. One half of each treatment group was implanted with a growth promotant (zeranol), and all were slaughtered at a commercial abattoir at the end of the trial. The inclusion of 33 % grain increased voluntary feed consumption, digestible dry matter (DM) intake (from 57n6 to 82n0 g digestible DM\kg! n (& per day and significantly increased liveweight gain from 592 to 900 g\day. Zeranol implantation also increased liveweight gain but not feed intake. Steers given only grain (diet D) had the highest liveweight gains (1127 g\day). The addition of grain to molasses diets decreased urinary N excretion and increased ammonia and volatile fatty acid (VFA) concentrations in rumen fluid. Molar proportions of propionic acid in total VFA increased from 0n15 to 0n20, and butyric acid decreased from 0n36 to 0n29 when 33 % of the molasses was replaced by sorghum grain. The fat content (depth at sacral position) of the carcasses of steers given grain only (diet D) was significantly greater (14 mm) than that of steers given the basal diet of molasses (4 mm), and carcass fat contents were intermediate (10 and 11 mm) for steers given diets B and C respectively. It was concluded that the inclusion of small amounts of grain in molasses-based diets increased cattle growth principally by increasing digestible energy intake without decreasing molasses intake, thus improving the efficiency of utilization of molasses in molasses-based diets.
INTRODUCTION
Molasses was first used as a major source of dietary energy for ruminants in Cuba (Preston et al. 1967) , and is now widely used as an animal feed in tropical areas where grain supply is limited or expensive. Although it is well known that molasses diets require supplementation with additional nitrogen (Preston et al. 1967 ; Preston & Molina 1972) and roughage (Elias et al. 1969) to optimize nutritive value, cattle fed balanced molasses diets have lower total dry matter intakes (DMI) and lower liveweight gains (LWG) than cattle offered a grain diet (Norton et al. 1994 ; Peiris et al. 1995) . When cattle are given molasses diets which contain some grain, feed intakes, propionic acid concentrations in the rumen and LWG increase (Smith et al. 1960 ; Gulbransen 1985) . These findings suggest that the poor LWG of steers given molasses diets may be related to a low availability of glucose as a consequence of an inadequate supply of glucogenic precursors (propionate or starch) from the diet. Ferreiro et al. (1979) have reported that supplementation of sugarcane-based diets with rice polishings increased LWG and glucose entry rates in cattle. They speculated that this effect was the result of a significant proportion of rice-polishings starch escaping ruminal fermentation, thereby increasing glucose availability for tissue utilization. Kempton et al. (1978) have shown that there is a positive correlation between growth rate and glucose entry rates in sheep and cattle, both increasing as feed intake increases. In such studies it is not possible to attribute the growth stimulation to increased glucose entry rate alone, since the availability of all nutrients increased with increasing feed intake. Presumptive evidence therefore exists that a major limit to cattle growth on molasses diets is the availability of glucose for tissue utilization. It would seem that the efficiency of molasses utilization may be improved if the low availability of glucose precursors can be overcome by supplying small amounts of grain in the diet, particularly if the grain increased ruminal propionic acid concentrations and provided additional glucose for absorption from the small intestine.
The following experiment was designed to investigate the effects of increasing levels of grain inclusion in molasses diets in DMI, ruminal volatile fatty acid (VFA) concentrations, nitrogen utilization, LWG and carcass composition of steers.
MATERIALS AND METHODS

Animals and their management
Sixteen Hereford steers (liveweight 293-334 kg) were allocated on a stratified weight basis to four dietary treatments (four steers per treatment). The steers were adapted to their respective diets gradually over a 21-day period which was then followed by a 75-day experimental period. Prior to the experimental period, animals were treated with intra-ruminal administration of oxfendazole (Systamex, Wellcome Australia) and two animals from each group were implanted with 36 mg doses of zeranol (Ralgro, Coopers Australia) at the base of the ear. For the first 45 days of the experimental period, steers were held in their treatment groups (4) in open, concrete-floored pens, and for the next 30 days were held individually in metabolism cages for balance and digestibility measurements.
Diets, diet composition and feeding procedures
The four experimental diets were formulated to provide varying proportions of sorghum grain in molasses (A l molasses only, B l 33 % grain in molasses, C l 66 % grain in molasses and D l sorghum grain only), but minimum contents of protein (150 g\kg dry matter (DM)), minimum acid detergent fibre (120 g\kg DM) and calcium : phosphorus ratio of 2 : 1. Pangola grass hay was offered as a source of roughage and sunflower seed meal as the protein source for all dietary treatments. The chemical composition of dietary ingredients and the composition of the experimental diets are given in Tables  1 and 2 respectively. All animals were offered the diets ad libitum (20 % excess of previous day's intake) and were fed daily each morning. Molasses was offered separately to the supplement (hay, sunflower meal, sorghum and minerals). Water was freely available at all times.
Measurements and sampling procedures
Feed refusals were weighed at weekly intervals and the animals were weighed at the start of feeding and at 21, 42, 66 and 96 days thereafter. Liveweight gain responses to treatment were calculated from 21 to 66 and 66 to 96 days. Samples of feed and feed refusals were taken for dry matter determination. Anal fold measurements of cattle were made at weighing according to the technique described by Charles (1981) . All animals were slaughtered in a commercial abattoir when they reached 400 kg body weight and\or anal skinfold thickness of 36 mm or more. At slaughter, sacral fat depth was measured and samples of subcutaneous fat were taken from each animal. Subcutaneous fat samples were stored at k20 mC for analysis. Rumen fluid samples (500-1000 ml) were taken from each steer by a stomach tube 2-4 h after feeding at the end of the digestibility trial period. Each sample was strained and 10 ml mixed with an equal volume of 0n2  hydrochloric acid and stored at 4 mC for ammonia analysis. Another 4 ml was mixed with 1 ml of metaphosphoric acid (25 % w\v containing 12 mg\ml iso-caproic acid as an internal standard) and stored at 4 mC for VFA analysis. Digestibility and nitrogen balance studies were conducted over the last 7 days of the experiment, when daily feed intakes, faecal and urinary excretions were recorded for each animal. Urine was collected into a 40-litre shallow tub containing 150 ml glacial acetic acid (0n2 % mercuric chloride). Subsamples of faeces and urine collected over a 7-day period were bulked for each animal and stored at k20 mC until analysis.
Analytical methods
Dry matter contents of feed, feed refusals and faeces were determined by oven drying at 60 mC for 48 h. Nitrogen contents of feed, feed refusals, faeces and urine were determined by steam distillation following Kjeldahl digestion (AOAC 1960) . The concentration of ammonia in the rumen fluid was determined by steam distillation and titration with 0n01  hydrochloric acid. The total concentration and molar proportions of volatile fatty acids were determined by gas-liquid chromatography (Hewlett Packard 5830 A). Long-chain fatty acid components of subcutaneous fat samples were determined by saponification with 0n5  methanolic sodium hydroxide followed by methylation of fatty acid esters (Metcalfe et al. 1966) and final separation into their fatty acid components was performed on a Hewlett Packard 5830 A gas-liquid chromatograph.
Experimental design and statistical analysis
The experiment was designed as a 4 (diets)i2 (j or kzeranol) factorial, with 2 steers per treatment and the data were analysed as a factorial design (Steel & Torrie 1960) . Least significant differences (...) were used to compare the treatment effects and their interactions.
RESULTS
Effect of diet and zeranol treatment on DMI and LWG of steers
Steers given grain or the grain and molasses combination diets had significantly (P 0n05) higher DMI and LWG than did those given the molasses diet. Diet digestibility increased with increasing grain inclusion, but there was no significant increase in digestible DMI as grain increased from 33 to 100 % of the diet (Table 3) . LWG increased linearly (P 0n05) with increasing level of grain in the diet. Zeranol implantation significantly (P 0n05) increased LWG, but had no significant effect on DMI.
Effects of diet on the utilization of nitrogen and fermentation patterns in the rumen
Steers given molasses alone had lower N intakes and excreted more nitrogen in the urine than did those given either grain or the grain\molasses combination diets (Table 4 ). There was a linear (P 0n05) decrease in faecal N excretion with increasing levels of grain in the diet. There was no significant effect of zeranol administration on N utilization in these steers. Steers given grain had higher concentrations of ammonia and VFA in rumen fluid than did those given either grain\molasses combinations or the molasses diets (Table 4) . However, ammonia concentration in the rumen fluid of steers given molasses increased linearly (P 0n05) with increasing levels of grain in the diet. Total concentration of VFA in the rumen fluid of cattle offered grain and grain\molasses combination diets was significantly (P 0n05) higher than that for cattle fed on the molasses diet. Steers offered the 66 % molasses : 33 % grain combination diet had a higher proportion of butyric acid in the rumen fluid than those given either grain or 66 % grainj33 % molasses diet. However, steers given 33 % grain showed significantly (P 0n05) higher proportions of propionic acid in the rumen fluid than did steers given the molasses diet. The molar proportions of VFA in the rumen fluid of steers given diets containing 100 and 66 % grain were similar. However, only single samples were taken from the rumen of each steer, and more frequent sampling may have permitted a more confident interpretation of the results.
Effect of diet and zeranol implants on sacral fat depth and fatty acid composition of subcutaneous fat tissues of steers
The sacral fat depths and anal skinfold thicknesses of steers given the grain or the grain\molasses combination diets were significantly (P 0n05) higher than for those given the molasses diet (Table 5 ). The anal skinfold thickness of steers in the present study was highly correlated (r l 0n90) with the sacral fat 1 2 n 5 1 3 n 1 1 5 n 6 0 n 47 11n9 1 3 n 2 0 n 34 Feed conversion efficiency (DM intake\g gain) 11n3 1 1 n 0 1 0 n 0 8 n 0 0 n 40 10n4 9 n 7 0 n 28 Myristic acid 3n3 3 n 5 3 n 5 3 n 6 0 n 25 Palmitic acid 29n4 2 9 n 5 2 9 n 2 2 8 n 8 0 n 81 Palmitoleic acid 8n6 7 n 6 7 n 7 7 n 3 0 n 54 Stearic acid 9n2 9 n 7 9 n 7 9 n 7 0 n 27 Oleic acid 49n4 4 9 n 5 4 9 n 8 5 0 n 5 1 n 14 depth measurements. There were no significant (P 0n05) differences between diets for the long-chain fatty acid composition of subcutaneous fat of steers. There were no significant effects of zeranol implantation on fat deposition or on the composition of the fatty acids deposited in subcutaneous fat.
DISCUSSION
Effects of grain inclusion in molasses on feed intake, nitrogen retention and liveweight gain of steers
Steers offered molasses ad libitum had lower voluntary feed intakes and LWG than did those given the full grain diet. These results were similar to those found in previous studies (Gulbransen 1985 ; Norton et al. 1994 ; Peiris et al. 1995) . The incorporation of 33 % grain into the molasses diet increased the voluntary DM consumption by 34 %, with a corresponding increase in LWG. Gulbransen (1985) found that inclusion of 40 % sorghum grain with molasses increased the daily LWG of steers from 0n02 to 0n870 kg\day over a 29-day feeding period, and that the inclusion of 15 % cottonseed meal with molasses produced a similar liveweight response (0n9 kg\head per day).
In the present experiment, increasing the grain inclusion from 33 to 66 % resulted in a decreased molasses consumption, a slightly increased digestible DMI, but no significant improvement in LWG. However, when grain alone was fed, steers had intakes of digestible dry matter similar to those fed the diets containing 33 and 66 % grain inclusions, but the former animals grew faster. It would seem that the inclusion of a small proportion of grain with molasses increased digestible energy intake, but at higher proportions altered the composition of nutrients absorbed in such a way as to improve their efficiency of utilization for growth.
Grain inclusion in molasses up to a level of 66 % decreased urinary N excretion and by implication increased nitrogen retention in the steers. These results suggest that the efficiency of dietary nitrogen utilization was also improved by grain inclusion. As will be discussed later, these changes may be related to an increased production of propionic acid in the rumen and\or an increased availability of starch for absorption at the small intestine, both factors increasing glucose availability to the tissues for nitrogen retention and fat deposition.
Effect of zeranol on LWG of steers
As shown by other workers (Sharp & Dyer 1971 ; Venamore et al. 1982 ; Dodt et al. 1984) , zeranol implants significantly improved LWG of cattle. However, increased weight gains (11 %) were accompanied by only small (3 %) increases in feed intake, and no significant improvement in N retention or rate of fat deposition, as reflected by the depth of fat on the carcass at the sacral vertebra. In the present experiment, zeranol implants significantly increased (7 %) the efficiency of feed utilization for growth, and these observations are in agreement with those of Sharp & Dyer (1971) .
Effects of grain inclusion with molasses on carcass fat content and composition
There was no significant effect of grain supplementation on the proportion of long-chain fatty acids in the subcutaneous fat of steers in the present experiment. Roberts (1969) has reported that the fatty acid composition of carcass tissues in the ruminant appears to be quite resistant to change. However, he further suggested that steers fed high barley-grain diets had more oleic and less stearic acid than those given hay ad libitum. In the present study, the oleic acid content of the subcutaneous fat from both sorghum-and molasses-fed steers was similar to that recorded by Roberts (1969) for steers fed on barley. These results suggest that pathways of lipid synthesis were similar in the molasses-and grain-fed steers, and that the high oleic acid contents were more a reflection of energy intake than of the composition of the nutrients absorbed. The inclusion of grain in the molasses diet increased the sacral fat depth and anal fold thickness of the steers and these changes may be related to increased energy intake of the animals fed these diets. It would seem that the composition of the dietary nutrients absorbed was one of the major determinants of increased productivity of steers in the present experiment. Increasing grain in the diet may have increased the availability of amino acids, lipids, glucose and VFA absorbed for utilization. Evidence from the present study suggests that grain feeding with molasses increased N retention in tissues by increasing the efficiency with which absorbed proteins were utilized. It is proposed that these changes may be due to either direct or indirect effects of the increased propionic acid availability from ruminal fermentation and\or increased glucose availability arising from post-ruminal starch digestion during grain feeding. When compared with that in wheat, barley and maize, the starch in sorghum grain is poorly digested in the rumen and 47 % of all starch digestion occurs postruminally (Axe et al. 1987) . The comparable value for wheat was 6 % digested post-ruminally. Although the present experiment has described a practical means of improving the low efficiency with which molasses is used as an energy source for fattening steers, the mechanism by which improved growth and N utilization occur still remains to be elucidated. The response of steers fed molasses to ruminal supplements of propionic acid and post-ruminal infusions of glucose is described by Peiris et al. (1998) .
